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Fermilab has earned a niche in the history of B-physics with
the discovery of the b quark in 1977 [1]. Since that time not much
has been seen of it at Fermilab until quite recently, where it has
been reported in both fixed target and collider experiments.

The fixed target experiments can be broken up into two
broad categories: those concentrating on the physics of “heavy”
quarks which ostensibly implies charm, including beauty only as a
small component of a broad program, and those experiments
which boldly and blatantly go after beauty. In the context of their
ultimate mission, the current runs of the dedicated beauty
experiments can be considered “engineering” runs as they begin to
confront the problems inherent to fixed target B-physics. The
fixed target experiments reported on in this paper are listed in
Table 1.

Table 1. Fixed Target Experiments at Fermilab with Potential for
B-Physics. t

E-769 250 GeVlc p-nucleon Collisions
E-791 ‘ Studies of Heavy Flavors (500 GeV/~ n)
E-672 , Inclusive J/v Production via 530 GeV/c n-
E-653 Hadronically Produced Heavy Flavor States
E-771 Beauty Production Associated with

Dimuon Production in 800 GeV/c Interactions
E-789 Production and Decay into Two-body Modes

t of B-quark Mesons and Baryons
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Of the two collider experiments at Fermilab, DO has just
started running, and most of the CDF B-physics results from the
last run have been extensively reported on [2]. John Butler has
discussed the most recent results in his talk at this conference [3].
Therefore, most of the discussion of collider experiments will be
limited to contrasting their ultimate potential with that of the
current and future fixed target experiments.

The list of B-physics topics is extensive and the potential
rewards are incentive enough to fuel ambitious attempts to
overcome the inherent experimental difficulties of the subject.
The near ter~ (mid 1990’s) physics goals include measurement

of differential cross sections in the energy range of & = 22 - 42
GeV for fixed, target experiments and up to 1.8 TeV at the collider.
The lower end of the energy range coincides with the threshold of
an accessible cross section and provides a testing ground for
perturbative QCD, within the limitations, of course, of the current
theoretical uncertainties [4]. Measurements of the B+ and BO
lifetimes with less than 5% statistical errors are expected, along
with initial measurements of the lifetimes of other states.
Spectroscopy of the Bs and baryons with perhaps a chance at the
B ~ is possible, as well as studies of the relative branching fractions
of weak decays. Tagging studies, which would look at exclusive
decays, tagging efficiency, signal dilution and semi-inclusive states
are important parts of the program as a way to develop
techniques for obtaining loftier physics goals in the future. During
this period one could begin to observe rare decays such as B+ +
K pp and to set limits on others, for example BO + ~~, e~. One can
also expect to see the first limits on Bs mixing [5]. To improve and
expand beyond the above list of measurements will require a new
generation of experiments specifically designed for B-physics. This
is particularly true for CP violation, the holy grail of B-physics.

Charm was discovered simultaneously in a fixed target and

an e+ e- collider experiment. Virtually from the moment of
discovery, however, the investigation of charm physics was

dominated by the e+ e- machines, until Fermilab experiment E-
691. The high-statistics measurement of charm production in
fixed, target experiments was made possible largely by the
development of two new strategies: the use of silicon vertex
detectors, which enable the reconstruction of secondary vertices,
and parallel processing technology, which was necessary to handle
the huge amounts of data produced by experiments running at
high rate with fairly loose triggers. Fixed target B-physics
experiments currently find themselves in a situation similar to
that of the early fixed target charm experiments, namely,
attempting to make viable contributions in a sport dominated by

the e+ e- machines.
While the fixed target B experiments are faced with many

problems, production rate is not one of them. The relatively small

b b cross section, down by 103 compared to c< can be compensated
for by easily attainable proton intensities. For example, at an

intensity of 106 - 107 interactions/see, 1-10 X 107 bb could be
produced over a run of 107 seconds. Some experiments are
anticipating attempts to run at rates greater than 108

interactions/see, which could yield 105 bbs/hour! Still, running at
these proposed rates is not trivial and there are additional
problems to overcome. The branching ratios to reconstructable
modes are small. A typical example is vK*, where the v decays to

pp, with a branching ratio of 10-5. The small ratio of ab~ to atot
and the presence of spectator partons and their fragmentation
products generates large backgrounds. The combination ‘of these
problems means that fixed target B-physics experiments must
have highly selective triggers, which rely on excellent detector
performance. A successful B experiment will need all -the tricks
used by the charm experiments plus new techniques as well.
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E-7061 E-672 to calculate the effective mass of track combinations generated a

E-706

Mum ~Cs

E-672

sample of 13 X 103 reconstructed J/v + P+ V-. J/v’s emerging from
a smondary vertex were used to tag B’s, which for this mode have
a branching ratio of 1.12%. The simplicity of a muon pair trigger
and the clean reconstruction of the JIv offset some of the
disadvantages of the small branching ratio. 1ss addition, B + J/v X
includes many modes with all charged final states allowing full
reconstruction and hence, direct lifetime and mass measurements.

The primary background comes from J/v’s produced in
secondary interactions downstream of the primary vertex. A
series of clean-up cuts were imposed as a means of identifying
events with secondary vertices and reducing the number of
events containing secondary interactions. These cuts reduce the
final event sample to 73 events. The experiment used a thick
target and as a further measure to reduce the background from
secondary interactions, only events with secondary vertices at
least 6C away from material-free gaps in the target were
accepted. Figure 3 shows the distribution of secondary vertices in

16-plane SS0 Muon Detector -
the material free regions around the target. With background

Charged Particle Spect. Pwc’s
estimates this experiment reports a preliminary signal of 9 * 4

UC Scintillation Counters
secondary vertex J/v events from B decays in the material free

Forward Pb-Glass

Acceptance:

v pairs

Toroid Magnet regions. The experiment is now working on an estimate of Obb.

The sample of 73 events was then examined for evidence of
exclusive B decays with a J/v in the final state. The significant
channels are B + J/v K and B + J~ K*. The B + J/v K analysis

for XF >0 WI peak at XF = 0.30 yielded four events. Two of these were consistent with one each

of B+ + J~ K+ and B- + J/v K-. For the second mode, hadron pairs

Flat in PT for J/v with PT < 3.5 GeV/c in the KO* mass region were combined with J/v tracks in a four-
prong vertex fit. 1ss an analysis similar to that for B + J/v K, five
events passed the cuts with three in the B-mass region. A
combined mass plot is shown in Figure 4 [8].

Figure 2. E-706/E-672 Spectrometer.
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E-653 E653 Elevation Wew

E-653 employs a hybrid emulsion spectrometer to study
hadronically produced heavy flavor states. A diagram of the
experiment is shown in Figure 5. The trigger strategy rpquired a

target interaction and a single muon in an attempt to enhance the
sample with semimuonic charm and beauty decays. Out of 2.5 X
108 interactions, g.2 X 106 events were recorded. The emulsion

was scanned for events containing a muon with PT > 1.5 GeV/c.
This cut, together with the acceptance of the experiment, imposed
an implicit cut on the muon momentum of approximately 20
GeV/c. A prim~y vertex was found for 6,542 of the high PT muon
events within the fiducial volume. Muons from K and x decay
were eliminated by slope matching with primary tracks and
impact parameter cuts. These cuts reduced the sample to 359
events containing a p which did not originate from the primary
(P NFP). A series of procedures was undertaken to eliminate
secondary interactions in the emulsion, locate vertices outside of
the emulsion and match spectrometer tracks with emulsion tracks.
The 359 wNFP events were classified kinematically and
topologically, yielding the following:

98 muons from interaction,

63 vertex of strange particle decay,

175 vertex consistent with charm decay, (in 122 of

these events the charm partner was found),

9 met no criteria for s, c, b,

5 origin of muon not found,

9 met beauty criteria.

The final sample was required to have at least three vertices

T.O.F, Hodoscope

\ “ee<Toroid\s’ee’R

! I 1 I t I 1!1 I I ! I ! 1!1 I 1 1 1! I
-4 -2 0 2 4 6 8 10 12 14 16 18

Meters

Figure 5. Plan View of E-653 Detector.

consistent with bb decay and charm cascade decay. The nine
beauty events, containing 12 neutral and six charged decays are
shown schematically in Figure 6. The estimated background, based
on extensive Monte Carlo studies, is approximately 0.3 events in
the final sample.
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The acceptance of the experiment is quite good although it is

biased somewhat for the trigger b/b. The XF acceptance for the
triggering beauty particle covers the range of -0.2 < XF < 0.8, while
for the partner it is -0.8 < XF < 1.0. The PT efficiency for the
triggering beauty particle is enhanced toward high PT because of
the PT cut on the trigger v. Using the parameterization

d2 S = (1-IXF -Xol)n exp(-bpT2)
dXFdPT2

the fit gives n = 4.55 + 2.85 (stat) * 0.75 (sys) and
- 2.05

b = 0.095 + o~ f ??? with xo fixed at 0.075.
- 0.03

This value of n is similar to an earlier result from this experiment
for charm of 4.25. The PT distribution however, is much stiffer
than for charm, due to the larger mass of the b quark.

Based on the nine events, E-653 obtains a preliminary cross
section of

Ob~ = 33 * 11 (Stat) + 7 (SYS)

for all XF and assuming Al. This is
the cross section for charm and
theoretical predictions [9].

nblnucleon

about 700 times smaller than
is consistent with current

The measured lifetimes for the 12 neutral and 6 charged
beauty decays were, J

!

tbo = 0.81 ‘034+009 ps tbt = 3.84
-0.22-0.02

+273+139 ps
-1.36-0.15

with a combined result of tb = 1.86 +1.13+0.52 ps.
-0.61-0.02

:

1>
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Momentum estimators were necessary in the case of’

unconstrained charm and beauty decays with missing or neutral
particles. The two methods used agreed with the data sample to
within approximately 27%. Distributions of momentum and the
proper decay time are shown in Figure 7. The measured neutral
lifetime is 1.4 standard deviations below the world ave~age. At a
center-of-mass energy of 33.6 GeV it is conceivable that the
neutral sample is contaminated with B~ and A b. A composite
sample might also explain the excess of neutral B’s. On the other
hand, the charged B sample is not likely to be contaminated, but
the lifetime, dominated by two long decays, exceeds the world
average by more than two standard deviations [10].

It was ‘observed that the trigger muon came from the
neutral B in all but one case and that none of the events was
triggered by a’ muon from a cascade charm decay. The semimuonic
decays all exhibited characteristics expected of beauty, such as
low multiplicity and high PT muons. In all but one case the muon
PT was greater than allowed for charm.

E-789 is an ambitious attempt to measure the production
and decay of B-mesons and baryons. The list of physics goals
includes mass and lifetime measurements and tests of weak decay
models. The experiment deviates from “standard” approaches to
fixed target B-physics in that it focuses on two-body hadronic
decay modes with branching ratios of around 0.01%. The primary
examples are:

Ab+K+ n-,

and B + VX (~ + K+p-, e+e-).
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Figure 7. (a) Momentum and (b) Proper Decay Time Distributions
of the Charged and Neutral b Events.
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Several of the fixed target experiments have B-physics on

their agenda and both of the dedicated B experiments are making
plans for the next fixed target run, though neither experiment has
yet been approved.

E-77 1 will add additional silicon tracking to make a total of
24 planes. A full PT trigger will be installed and they plan to take
data with an interaction rate of 107 interactions per second. These
upgrades and a longer running period should net a factor of 20 to
30 over the last run, yielding approximately 1000 fully
constructed and many more partially reconstructed B’s [13].

E-789 will increase the acceptance for BO + h+ h - by raising
the magnet current and attempt to run at the design rate of 108
interactions per second. With increased running time and a beam
momentum of 900 GeV/c they expect to achieve a sensitivity of
10-5 for two-body decays which would yield approximately 1000
reconstructed decays in five modes. Other upgrade possibilities
exist which might increase the sensitivity to 10-6 [ 12].

P-829 (E-791) is a proposal to study heavy quark

production and decay with a 500 GeV/c pion beam at the Tagged
Photon Laboratory. The primary emphasis will be on charm
physics, though some B-physics is anticipated for modes which
cascade via B + D + K. The B sample can be enhanced by raising

the PT trigger threshold and should provide measurements of ob b
and lifetimes with partially reconstructed events [15].

The currently proposed experiments will produce

measurements of the rate and dynamics of hadronic beauty
production, which can be compared with QCD predictions.
Lifetimes and relative branching fractions for rare two-body
modes are also topics within the physics reach of these
experiments. One should not lose sight of the fact that these
experiments, and others like them, can provide valuable

experience for the next generation of experiments.

It is clear that fixed target machines can provide a copious
source of B’s, and future success in fixed target B-physics will
depend on the development of new technology in triggering and
rate capability, which has interesting parallels with SSC and LHC
detector R & D.

CDF has demonstrated potential for high-statistics B-physics
at the Tevatron collider. The planned upgrades for CDF and DO will
further enhance their B-physics capabilities but they are still
essentially “highP’r” experiments. Dedicated experil~ients will
stress acceptance at lower PT and in the forward direction.

CDF has implemented several improvements for the current
run that will enhance their ability to contribute to B-physics. A
silicon vertex detector has been installed, the muon coverage is
extended and a lower PT threshold has been implemented on the
w triggers [16]. Last run, with an integrated luminosity of 4 pb- 1,

CDF was able to reconstruct 34 * 9 events in the modes B+ + J/v
K+ and BO + J/~ K* [2]. Over the current run they will accumulate
75 - 100 pb- 1. With a gain of a factor of two for K coverage and a
factor of six by lowering the PT trigger threshold from 3 GeV +
1.8 GeV, they expect more than 8000 exclusive decays in the two
modes. In addition to these two modes, inclusive leptons and
inclusive lepton plus charm modes can be used for studies of
production and mixing. Possibly several hundreds of B~ + J/~ $
and several tens of A b + J/v A will be reconstructed.
Measurements of the B+ and BO lifetimes will be made with less
than 590 statistical errors [5]. This is a reltitively im~ressive list of
B-physics topics for a high PT hadron collider experiment.

DO has no magnetic field, which makes exclusive B-physics
very difficult. They do however, have excellent w coverage out to
Iq I < 3.6 which will allow them to make significant inclusive lepton
measurements.

1,
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Further upgrades are planned by both experiments for the
next collider run, scheduled tentatively for 1995. CDF will install
new end-cap calorimeters, substantially improving the forward e
and u coverage. The vertex detector will be upgraded for better
acceptance of t and b [16]. DO plans to add a 1.5 Tesla solenoid. A
vertex detector of silicon and scintillating fibers will allow vertex
reconstruction out to Iq I < 3 [17]. The upgraded detectors will look

at rare decays such as B+ + Kpw with limits for BO + vp, e~. Limits
for B~- mixing will be possible and spectroscopy of B~, A b and Bc
+ ~z + ppn. They of course will uniquely measure the cross

section at ~; of 1.8 TeV.

There are no existing dedicated collider B-physics proposals
at this time. It! is envisioned that there will perhaps be one or two
runs with the Main Injector emphasizing, as before, high PT
physics with B-physics on the side. Subsequent runs then might
have one high PT experiment and one dedicated B-physics
experiment.

B-physics is still in the infant stage at Fermilab. The recent
results of the fixed target and collider programs are promising
however, and serve as an impetus for further advancement and
study. If B-physics is pursued aggressively, it might not be
unreasonable to expect challenges to the Standard Model by the
end of the decade.
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